High critical current density YB+CU,O,-~ (YBCO) tapes were fabricated by epitaxial dep on roiling-assisted-biaxially-textured-substrates (RABiTS). The RABiTS technique uses well established, industrially scaleable, thermomechanical processes to impart a strong biaxial texture to a base metal. This is followed by vapor deposition of epitaxial buffer layers to yield chemically and structurally compatible surfaces. Epitaxial YBCO films grown on such substrates have critical current densities approaching lo6 Ncm' at 77K in zero-field and have field dependences similar to epitaxial films on single crystal ceramic substrates. Deposited conductors made using this technique offer a potential route for the fabrication of long lengths of high J, wire capable of carrying high currents in high magnetic fields and at elevated \ temperatures.
INTRODUCTION
Practical applications of high-T, superconductors require the fabrication of these materials into tapes or wires with high critical current density (J,). Progress towards this goal has been hindered predominantly by the strong dependence of critical current density, J,, on grain boundary misorientation angle [ 11. Most high angle boundanes act as weak-links or barriers to current flow. Since bulk superconductors contain many grains resulting in numerous grain boundaries. macroscopic biaxial alignment of grains to skew the grain boundary misonentation distribution to low angle boundaries is desired for high J,'s. This has recently been demonstrated by epitaxial deposition of YBCO thick films on biaxialiy textured substrates made using the ion-beam-assisted-deposition (IBAD) [2]. A related technique called modified bias sputtering was used by Fukotomi et al. [3] to obtain biaxially textured Y-123 films. J, values in the range of 10'-106A/cm2 have been demonstrated by these techniques. However. in each of these cases. deposition of the biaxially textured buffer layer is slow, since a predominant fraction of the material deposited is removed by the impinging ions which ensure that unfavorable orientations do not survive. Furthermore, scaleup of these processes to long lengths appears to be complicated. Nevertheless, success in obtaining high-J, films by the BAD process has heightened interest worldwide in finding simple and easily scaleable methods to produce long lengths of biaxially textured substrates. We have recently demonstrated that biaxially textured substrates can be made using simple thermomechanical processes followed by epitaxial deposition of buffer layers [4-71. YBCO thick films grown epitaxially on these substrates also exhibit J,'s in the range of 105-106 Ncm' [4.5]. This paper summarizes the results obtained so far using the RABiTS technique. 
RESULTS AND DISCUSSION
rolling to >90% deformation followed by recrystallization at 1000°C for 4 hrs [4]. The presence of a sharp, well-developed, single component cube texture is evident. Typical samples have X-ray a-and 6-scans with full-width-half-maximum (FWHM) of 6" and 7" respectively.
The texture was found to be stable to temperatures as high as 1300°C. Samples as long as l m have been fabricated and good in-plane texture was observed along the sample length. Examination of grain boundary misorientations in mm size regions of the substrate, comprising over 100 interconnected grain boundaries indicated that over 95% of the grain boundaries have misorientation angles less than 10". 
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This report was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States Government nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise dots not necessarily constitute or imply its endorsement, recom- of roll surfaces leads to as-rolled tapes with rms surface roughness of 50 nm. determined using an atomic force microscope (AFM In this paper, two multi-layer structures fabricated using the first techmcuc, and one structure fabricated using the second technique are described. Figure 2 shows the three multi-layer stmctures -MLI, ML2 and ML3. ML1 and ML2 are fabricated using the first technique and ML3 by the second technique. The X-ray 0-scans exhibit the characteristic four-fold in-plane symmetry with excellent transference of the texture from the Ni (A0=8") to the YBCO layer (Ab=8'). The Pd layer was grown using electron beam evaporation at 500°C and the CeO, and YSZ layers were grown using laser ablation at temperatures ranging from 100-900°C. The thickness of the Pd layer was -200nm and the total thickness of the oxide layers was -lbm. Oxide buffer layers on Pd have also been grown using DC sputtering [5] and electron beam evaporation [6]. The YBCO film was grown usihg laser ablation at 780°C. Figure 3 does not show a phi-scan for the Pdlayer since the Pd had diffused into the Ni during the subsequent deposition of other layers.
The T, onset of this film was 9 1 K and T, (zero) of 87.7K. Critical current density of the film was measured on a bridge 0.4 cm long and 0.26 cm wide. The thickness of the YBCO film was -0.75 pm. The zero-field transpon J, of the f h was 3 x 10' A/cm2, at 77K. The field dependence of J, for H N c at 77K is shown in Figure 4 . Also shown in the figure is data for the ML1 multi-layer configuration. This configuration of the RABiT substrate comprises epitaxial deposition of Ag followed by CeO, on the Pd buffered Ni. In this case a lower zerofield J, was obtained. This is ascribed to less perfect epitaxy (Ni,=8", YBC0,=12") and incomplete coverage of the YBCO film [4]. However, the in-field properties are quite similar to the film on ML2 RABiT substrate. In both the cases, the magnetic field dependence of J, is similar to that measured for epitaxial YBCO films on single crystal SrTiO?, as shown in Figure   4 . Also shown in Figure 4 , are J, (77K) for an epitaxial, laser ablated, Tl-1223 film on LaAIO,
[SI and J, (75R) for a 0.8Gev proton irradiated Bi-2223/Ag powder-in-tube sample [9] . The proton irradiation in the Bi-2223 sample resulted in columnar defects of effective cross-section area density B,=l.IT. Since the data for TI-1223 and Bi-2223 is representative of the best materials made so far, the superior properties of YBCO conductors on RABiT substrates is evident. 
